In the unified schemes for extragalactic radio sources, the quasars and BL Lac objects are intrinsically similar to the Fanaroff-Riley class II and I radio galaxies respectively, but appear to be different because they are viewed at different angles to the line-ofsight. The quasars and BL Lac objects are observed at small viewing angles while the radio galaxies lie close to the plane of the sky. In such schemes, the quasar or BL Lac nucleus is hidden from our view by a putative torus when the source is inclined at a large angle to the line-of-sight and appears as a radio galaxy. Such a scenario should also affect the observed polarization properties of the cores, with the cores in the radio galaxies and weak-cored quasars being less polarized than the core-dominated quasars and BL Lacs due to Faraday depolarization by the magnetoionic medium in the obscuring torus or disk. In this paper, we report that the core polarization of radio galaxies and weak-cored quasars is indeed much smaller than for the core-dominated quasars and BL Lacs. We suggest that this is due to the depolarization caused by the obscuring torus or disk, providing further evidence in favour of the unified schemes.
INTRODUCTION
The polarization properties of radio cores in active galactic nuclei could provide valuable information on the physical conditions in the nuclear regions of active galaxies (Rudnick & Jones 1983; O'Dea 1989; Udomprasert et al. 1997; , and also provide tests of the unified scheme for powerful radio sources (cf. Saikia 1995; , hereinafter referred to as SK98). In the unified scheme for Fanaroff & Riley (1974) class II or FRII radio sources, the radio galaxies and quasars are intrinsically similar objects but appear to be different because they are inclined at different angles to the line-of-sight. The radio galaxies lie close to the plane of the sky while their relativistically beamed counterparts, the quasars, lie within about 45
• to the lineof-sight. In an equivalent scheme for the lower-luminosity FRI radio galaxies, the relativistically beamed objects seen at small angles to the line-of-sight are the BL Lac objects. (Scheuer 1987; Peacock 1987; Barthel 1989; Browne & Jackson 1992; Antonucci 1993; Urry & Padovani 1995) . In these unified schemes the quasar or BL Lac nucleus is hidden from our view by a putative torus when the source is inclined at a large angle to the line-of-sight and is observed as a radio galaxy. The radio core observed through such a torus or disk might exhibit weaker levels of polarization and higher values ⋆ E-mail: djs@ncra.tifr.res.in, djs@gmrt.ernet.in of rotation measure (RM) compared with the quasars or BL Lac objects where we have a direct view of the nucleus or radio core (cf. Saikia 1995).
The obscuring torus or disk is unlikely to have a sharp boundary and one might find a lower degree of polarization and higher RM in the cores of lobe-dominated quasars as they are seen through the edge of the disk or torus. SK98 have examined recently the core polarization properties of core-and lobe-dominated quasars and have shown that the degree of core polarization of the lobe-dominated quasars is indeed lower, consistent with the ideas of the unified scheme. They have also examined the relative orientation of the corepolarization E-vector at λ6cm and the radio axis for the weak-cored quasars. The sample is small but does not show a significant trend reported earlier for cores of moderate strength (Saikia & Shastri 1984) . SK98 suggest that this could also be due to Faraday rotation by the material in the edge of the torus or disk.
In this paper we extend the study of SK98, who confined themselves to quasars, to include both FRI and II radio galaxies and BL Lac objects. We compare the degree of core polarization, pc, of the two FR types of radio galaxies with the core polarization of quasars and BL Lacs and examine whether these are consistent with the basic ideas of the two equivalent unified schemes. Mack et al. 1997; 7: Venturi et al. 1993; 8: Fomalont et al. 1980; 9: Hardcastle et al. 1996; 10: Leahy, Jägers & Pooley 1986; 11: O'Dea & Owen 1986; 12: Saikia et al. 1986; 13: Bridle et al. 1991; 14: Linfield & Perley 1984; 15: Walker, Benson & Unwin 1987; 16: Clarke et al. 1992; 17: Burns, Feigelson & Schreier 1983; 18: Perley, Bridle & Willis 1984; 19: Burns, Christiansen & Hough 1982; 20: Dreher 1981; 21: Saripalli et al. 1986; 22: Hardcastle et al. 1997; 23: Leahy et al. 1997; 24: Black et al. 1992; 25: Hardcastle et al. 1998; 26: Junkes et al. 1993 2 THE SAMPLE OF SOURCES
In this paper we have considered both FR class I and II radio galaxies and a sample of BL Lac objects for which either measured values or good upper limits to their degree of core polarization at about 5 or 8 GHz are available or could be estimated from images with angular resolutions better than about an arcsec. Observations with high angular resolution are required to minimize contamination from the extended emission which could be quite strongly polarized. This is particularly important for the FR class I sources where the radio jets are often quite prominent close to the radio cores and are contiguous with it. The sample of sources has been compiled from the literature and is listed in Table 1 , which is arranged as follows. Column 1: source name in the IAU convention; column 2: optical identification where B and G denote a BL Lac object and radio galaxy respectively; column 3: redshift where we have adopted a value of 1 for sources without a measured redshift; column 4: polarization percentage of the radio core, pc, at 5 or 8 GHz and its error; column 5: the fraction of emission from the core, fc, at an emitted frequency of 8 GHz; column 6: references for the degree of core polarization and the core and total flux density of the objects which have been used for estimating fc. The fraction of emission from the core, fc, is used as a statistical indicator of orientation of the source axis to the line of sight, and has been estimated using a spectral index, α defined as S ∝ ν −α , of 0 for the core and 1 for the extended emisssion. If the measured flux density of the core in the high-resolution observations for determining the degree of core polarization is larger than the listed values of the total flux density of the source in both Kühr et al. (1979 Kühr et al. ( , 1981 and the NASA Extragalactic Database, then the total flux density has been set equal to the core flux density. For the FR II radio galaxies which have been observed by the Cambridge group with high resolution and sensitivity using the VLA at about 8 GHz (Black et al. 1992 ; Leahy et al. 1997; Hardcastle et al. 1997 , 1998), we have estimated the upper limits using their listed values of the core flux density and 3 times the rms noise in the polarization maps for all the cores where it could be ascertained from their images that there is no core polarization. For the case of 3C123 (0433+295) the upper limit has been taken to be 5 times the rms noise. The sample of BL Lacs consists of all the objects from the recent list of Véron-Cetty & Véron (1998) which have been observed by Perley (1982) with the VLA A-array at 5 GHz. The error in the fractional polarization has been estimated using the expression given by Perley (1982) for the error in the polarized flux density.
RESULTS AND DISCUSSION
In Figure 1 , we plot the fraction of emission from the core, fc against the degree of polarization from the core for the FR I and II radio galaxies and BL Lacs listed in Table 1 . In addition, we have also plotted the sample of lobe-and coredominated quasars listed by SK98. In SK98, the polarization of the weak cores in the lobe-dominated quasars are from the high-sensitivity and high-resolution observations of Bridle et al. (1994) . The sample of core-dominated quasars have been observed with the VLA A-array at λ6 cm by . The median values and the range of the degree of core polarization for this sample of core-dominated quasars is similar to those measured by O'Dea (1989) but marginally higher than for a large sample of VLA calibrators where the median value is about 2 per cent (cf. Perley 1982; Saikia, Singal & Cornwell 1987) . The sample of was chosen to determine the RMs of cores, and their slightly higher value is due to this selection effect.
It is clear from Figure 1 that the core-dominated quasars and the BL Lac objects which are believed to be inclined at small angles to the line-of-sight in the unified schemes are similarly polarized with a median value of about 3 per cent. The degree of core polarization drops for sources with weaker cores. The median value of pc for the weakcored quasars, viz those with fc ≤ 0.2, is less than about 0.4 per cent. The median values for the FR class I and II radio galaxies are less than about 0.5 and 0.9 per cent respectively. These median values are upper limits since no polarization from the core has been detected for most of the sources. Since most of the galaxies and weak-cored quasars have upper limits to pc, and the values of core polarization for some of the FRI radio galaxies could have been affected by prominent jets close to the nucleus, it is difficult to establish from the present data whether the cores of radio galaxies are less polarized than those of the weak-cored quasars. However, the trends for the cores of FRI radio galaxies to be less polarized than those of the BL Lacs, and the cores of FR II galaxies and weak-cored quasars to be less polarized than the core-dominated quasars are consistent with the unified schemes. A Kolmogorov-Smirnoff test shows the distributions of core polarization for the above cases to be different at a significance of level of over 99.99 per cent. It is worth mentioning that the VLBI-scale cores in galaxies also tend to be less polarized than those in quasars and BL Lac objects (cf. Cawthorne et al. 1993a, b) .
Our results are unlikely to be due differences in redshift between the different kinds of objects. The core-and lobe-dominated quasars have a similar median redshift of about 0.75 and yet exhibit a striking difference in the degree of core polarization. Again, considering only those BL Lacs with a redshift less than 0.2, which is the case for most of the galaxies, the median value of pc for the BL Lacs is again ∼ 2.6 per cent, similar to that of the entire sample. It is also relevant to note that in core-dominated sources with multifrequency polarization observations, there is little evidence of any significant dependence of core polarizaton on wavelength, possibly due to several complicating factors. These are primarily wavelength-dependent opacity effects with different electron populations contributing at different wavelengths and also variability at different wavelengths (cf. . Thus although the integrated core polarization of weak-cored quasars is expected to be lower, they might not exhibit a smooth p-λ relationship (cf. SK98).
Two objects in our sample which merit particular attention are the weak-cored quasar 3C351 (1704+608) which has a core polarization of 7.2 per cent, and the radio galaxy 3C120 (0430+052) which is nearly 5 per cent polarized. In 3C351, the nucleus appears extended with an angular resolution of about 1 arcsec but is resolved into two knots of similar brightness, one of which is the core, and the other a knot in a prominent jet whose polarization ranges from 11 to 31 per cent (Bridle et al. 1994) . The high polarization is possibly due to some contribution from this prominent jet close to the nucleus. The radio galaxy 3C120 which has a strongly polarized core has the signatures of a source inclined close to the line-of-sight although it is a radio galaxy. Based on its emission-line properties, it has been classified as either a broad line radio galaxy or a Seyfert galaxy although its spiral structure is not clearly established (cf. Zirbel & Baum 1998) . It exhibits superluminal motion (cf. Walker, Benson & Unwin 1987) and the inferred maximum angle of orientation of the source axis (Cohen 1990 ) is within the approximate dividing line for radio galaxies and quasars in the unified scheme (Barthel 1989 ). The nucleus is strong and variable at all wavelengths from radio to X-ray wavelengths (Maraschi et al. 1991) and in many ways it resembles a miniquasar.
The lower degree of core polarization for galaxies and weak-cored quasars would be expected in the unified scheme if their nuclear or core emission are seen through a magnetoionic medium which forms a part of the obscuring torus or disk. There is likely to be a significant ionized component in the disk or torus, in addition to the molecular and atomic components, due to X-ray or UV heating from the active nucleus (cf. Levinson, Laor & Vermeulen 1995) . Some evidence for ionized gas in a disk comes from the observations of the FRI radio galaxy 3C84 (0316+413) associated with NGC1275, and the compact symmetric object 4C31.04. In 3C84 VLBI observations show a prominent jet towards the south with evidence of subluminal motion, and a weak counterjet. The spectra of the counterjet show that it has an abrupt cutoff at low frequencies which is not consistent with synchrotron self absorption but could be understood in terms of free-free absorption by a disk which has been ionized by the central continuum source. The disk affects the spectrum of the counter jet which is seen through the disk without affecting the spectrum of the prominent jet (Vermeulen, Readhead & Backer 1994; Walker, Romney & Benson 1994; Levinson et al. 1995; Silver, Taylor & Vermeulen 1998) . In the compact symmetric source 4C31.04 there is also evidence of free-free absorption due to individual clouds which are evaporating off the inner edge of the disk (Conway 1996) . Assuming that the depolarization of the cores in galaxies and weak-cored quasars are being caused by a Faraday screen where the RM is a Gaussian random field with dispersion σ, the values of σ which are required to decrease the observed polarization from about 2.5 to 0.4 per cent are in the range of 250 to 500 rad m −2 when the ratio of the scale of the RM fluctuations to the resolution varies from 0 to 1 (Tribble 1991 (Tribble , 1992 SK98) .
CONCLUDING REMARKS
We report the degree of polarization of the radio cores at 5 or 8 GHz to be significantly smaller for both Fanaroff-Riley class I and II radio galaxies and weak-cored quasars compared to the core-dominated quasars and BL Lac objects. The present sensitivity is not adequate to determine any difference between the weak-cored quasars and radio galaxies. We suggest that the lower degree of core polarization for galaxies and weak-cored quasars is due to Faraday dispersion by the magnetoionic component in a putative torus or disk which obscures a direct view of the nucleus for both FRI and II radio galaxies. In this scenario, the low values for the weak-cored quasars are due to Faraday dispersion by the edge of the obscuring torus. The higher degree of core polarization for the core-dominated quasars and BL Lacs is due to their smaller angles of inclination to the line-ofsight so that they are not obscured by the disk or torus. These trends provide additional evidence in favour of the two equivalent unified schemes, one for the FRI radio galaxies and BL Lac objects, and the other for the FRII radio galaxies and quasars.
